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PREZIUSO . Subsequently, a partial sequence of the JEV NS5 gene was found in a pool of Culex pipiens collected in summer 2010 in Sasso Marconi (Italy), which is distant about 100 km from Padule di Fucecchio (Ravanini et al., 2012) . Subsequent investigations on sera and cerebrospinal fluid samples from 38 human subjects with clinical symptoms of acute meningoencephalitis collected in the province of Bologna in 2011 did not reveal IgM or IgG anti-JEV antibodies (Gaibani et al., 2011) . The ecology of JEV in Italy is not well investigated and, in particular, the epidemiology of JEV during the inter-epidemic periods is not clear.
The aim of this study was to investigate the JEV presence in archival samples of healthy birds collected in Tuscany (Italy) a few months after collection of birds resulted infected by JEV.
| MATERIAL S AND ME THODS

| Samples
Archival formalin-fixed and paraffin-embedded (FFPE) samples collected from 120 healthy birds (Turdus merula, Turdus pilaris, Turdus philomelos and Turdus iliacus) were available for this study. In particular, 37 (30.8%) were young birds (less than 2 months old) and 83 (69.2%) were adults. The samples had been collected during the hunting seasons 1997-2000 (late September-January) in the same geographic areas and more than one month after episodes of mortality of birds subsequently resulted infected by JEV (Platonov et al., 2012) .
Three serial sections were obtained from FFPE blocks of kidney, spleen, liver, lung, brain, intestine and bone marrow and were placed Impacts • Japanese encephalitis virus (JEV) was detected in archival samples (1997) (1998) (1999) (2000) of young healthy birds collected in Italy a few months later and in the same area where birds resulted infected by JEV.
• JEV antigen and partial genome sequences were detected only in bone marrow samples but not in other organs.
• Bone marrow of young healthy birds could be a reservoir of JEV, which can be transported by asymptomatic migratory birds to other geographic areas. These findings should be considered to collect the proper samples for detecting JEV during surveillance programmes On the basis of IHC results obtained, additional four serial sections 10 µm thin were cut from bone marrow blocks and were placed in a 2.0 ml tube for RNA extraction, paying special attention to avoid cross-contamination. Negative control FFPE samples were also used.
| Immunohistochemistry
Immunohistochemical staining was carried out using a rabbit JEV-specific antibody at a dilution of 1:250 (pAb; PG 10004; Genesis Biotech Inc.). The consequent sections were stained using a rabbit CD11b-specific antibody, diluted 1:100 (ab75476, ABCAM, pAb). After incubation with biotin-labelled secondary antibodies, the binding of the antibody was detected with the Elite kit (Vector Laboratories) and the immunoreaction was developed using a brown chromogen (DAB, Vector).
| RNA extraction and PCR
RNA was extracted by RecoverAll™ Total Nucleic Acid Isolation Kit for FFPE (Ambion, USA). After deparaffinization, slides were incubated with protease at 50°C for 15 min and at 80°C for 15 min. (Dhanze et al., 2015) . Reactions were carried out in a Step One instrument (Applied Biosystem) with the following programme: 95°C for 30 s followed by 45 cycles of PCR at 95°C for 15 s, 60°C for 30 s and 72°C for 30 s. Following amplification, a melting curve analysis (Tm) was performed to verify the authenticity of the amplified products. On the basis of previous studies, a Tm of about 83.5°C was expected (Dhanze et al., 2015) . As a further control, real-time PCR products were visualized by agarose gel electrophoresis.
Conventional PCR was carried out on positive samples to obtain products for sequencing. The PCR mix consisted of Taq PCR Master Mix 1X (Qiagen, Germany), each of the primers F3 and B3 0.4 mM, 5 µl of cDNA and water up to 100 µl final volume. PCR was conducted as previously reported (Dhanze et al., 2015) .
| Phylogenesis
Model: Jukes-Cantor.
For phylogenetic analysis, JEV gE and NS5 gene sequences obtained from Italian birds (Platonov et al., 2012) and mosquitoes (Ravanini et al., 2012) , GenBank sequences from strains with higher identity with our sequences by BLAST analysis and sequences belonging to different JEV genotypes (Gao, Liu, Li, Fu, & Liang, 2015) were used.
Sequences were aligned using Clustal X (Larkin et al., 2007) and manual editing was performed with BioEdit version 7.2.5 (Hall, 1999) . MEGA version 7.0 was used to select the simplest evolutionary model that adequately fitted the sequence data (Kumar, Stecher, & Tamura, 2016) . The model with the lowest Bayesian Information Criterion (BIC) was considered to describe the substitution pattern the best. On the basis of the BIC values obtained, the model Kimura-2 parameter with a discrete Gamma distribution (+G) with five parameters was used. Phylogeny was estimated by the neighbour-joining algorithm (NJ) and the maximum likelihood (ML) method. In both analyses, 1,000 bootstrap replicates were used.
| RE SULTS
Japanese Encephalitis Virus antigen was detected only in bone marrow of 12 young birds by IHC. The staining was detectable only in cells morphologically referable to monocyte-macrophages lineage, which were positive for anti-CD11b in serial sections (Figure 1a,b) .
PCR products of 220 bp with a Tm of about 83.5 ± 0.3°C were obtained from four of these 12 bone marrow samples by Real-Time PCR (Figure 2 ) but not by conventional PCR. All other samples from adults and young birds were negative for JEV. As new sequences were not obtained from these samples, phylogenetic analysis was performed with JEV sequences obtained previously (Platonov et al., 2012) form birds dead a few months earlier in the same areas. The results confirmed that JEV found in Italian birds belongs to genotype III and NS5 sequences had the higher homology with JEV strains Nakayama, obtained from human brain in Japan in 1935 (Figures 3 and 4) .
| D ISCUSS I ON
Japanese Encephalitis Virus is primarily a cause of human encephalitis, but a range of domestic animals are susceptible to disease.
Despite infection in livestock is frequently asymptomatic, severe F I G U R E 4 Molecular Phylogenetic analysis by maximum likelihood method based on the Kimura 2-parameter model. The analysis was based on sequence information derived from a 551 bp region spanning the gE gene of JEV. The sequences of JEV previously detected in Italy in birds (Platonov et al., 2012) have been included in the data set (▲) encephalitis in horses and stillbirth and congenital deformity are reported in pigs (Mansfield et al., 2017) . JEV is endemic in many areas of Asia, and for long time, it has been never reported in Europe.
However, JEV has been found in dead birds collected between 1997 and 2000 and in a pool of C. pipiens mosquitoes collected in 2010 in Italy (Platonov et al., 2012; Ravanini et al., 2012) 
Experimental subcutaneous infection of ducklings and chicken
with JEV has shown that youngest animals were more susceptible to the infection than older animals and that the mean peak viremia in birds of both species decreased as the age at infection increased from 2 to 42 days, suggesting that young poultry may be amplifying hosts of importance in disease-endemic regions (Cleton, Bosco-Lauth, Page, & Bowen, 2014) . In our study, young birds resulted infected by JEV were younger than 2 months and thus they were born probably when episodes of bird mortality occurred in Tuscany. They could be- Unfortunately, new genetic sequences were not obtained from these samples; thus, phylogenetic studies were carried out on sequences obtained from bird dead in the same geographic areas 1-2 months earlier (Platonov et al., 2012) . Previous analysis by BLAST revealed that these sequences had the highest identity with the genotype III strain Kakayama. Our data confirm that Italian birds were infected by a genotype III JEV. Unfortunately, only FFPE samples were available and longer sequences are not obtainable. Aligning of NS5 sequences of JEV found in Italian birds collected in 1997-2000 (Platonov et al., 2012) In conclusion, young healthy birds are suspected reservoir of JEV. Their role in maintaining the virus in the inter-epidemic periods in a specific area or in transporting it for long distance should be better investigated. Bone marrow could be a reservoir organ and it should be evaluated whether monocyte/macrophages lineage cells are persistently infected by JEV. These findings can be helpful for designing specific surveillance programmes to detect JEV circulation in Europe.
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